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1. Introduction 
1.1 Definition and fragmentation of attention 
Attention is a cognitive process sensitive to the effects of aging and neurodegenerative 
diseases, and its decline contributes to a decrease in cognitive performances during aging1-4. 
Attention is viewed as a set of different components derived from the Posner’s model rather 
than a global unitary model5. Visuospatial attention is divided into explicit or implicit 
attention depending on the presence or absence of awareness6,7. Attention is also classified 
as exogenous and endogenous attention. Exogenous or automatic attention is directed by 
external stimuli, whereas endogenous or voluntary attention is directed by voluntary acts. 
Furthermore, shifts of visuospatial attention involve separate processes, such as shift 
between objects, as opposed to shift within objects8,9. The distinction between data-driven 
attention which is sensitive to aging, and memory-driven attention which is hardly sensitive 
to aging, also corresponds to the distinction between fluid and crystallized intelligence10. 
These distinctions have been established through findings of impairment caused by aging 
on subtests of the Wechsler Adult Intelligence Scale (WAIS) measuring data-driven 
attention (Digit Span, Digit Symbol and Vocabulary subtests), while other WAIS subtests 
remained unimpaired by aging11,12.  
Visual perception depends on the occipito-temporal or the “what” pathway for object vision 
and on the occipital parietal or the “where” pathway for spatial vision13. Milner and 
Goodale14 proposed that the “where” pathway or dorsal stream contributes to action control 
by first selecting the location of an object, and then the ventral stream or the “what” 
pathway recognizes and analyzes the spatially defined part of the scene15. Different models 
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of attention describe mechanisms of how visual features (e.g. colour) guide spatial attention 
and maximum activation16-18.  
Posner postulated that there are three different types of operations involved in visual 
attention: disengaging, shifting and engaging19. These have been studied in Alzheimer’s 
disease (AD), Huntington’s disease (HD) and Parkinson’s disease (PD)20-22. In AD, decreased 
attention has been attributed to a process that accelerates aging deficits, thus altering all 
cognitive components (memory, language, executive functions, etc.). However, this model 
does not explain deficits of attention found in normal aging and other neurodegenerative 
diseases22,23. Patients with AD and PD were found to have distinct attention deficits when 
required to shift attention to targets contained within the same visual stimulus20,21. PD 
patients also had impaired ability in shifting attention as shown by the number of 
perceptual errors made in identifying target stimuli20. The ability of HD patients to shift 
attention has been less investigated. Nonetheless, cognitive deficits associated with PD and 
HD tend to be more similar than different, and diseases that affect subcortical structures 
were found to produce similar patterns (or a similar pattern) of attention deficits22. 
1.2 Normal aging of attention 
Studies investigating normal aging of attention have consistently shown that attention 
declines with age24,25. The exogenous component of attention is less impaired by aging as 
can been seen in simple detection tests when the target is explicitly cued24,25. In contrast, the 
endogenous component of attention is more sensitive to aging in discrimination tests when 
the target is not explicitly cued. From the age of 75, the effects of age and neurodegenerative 
diseases on attention are similar25, which is largely due to misleading cues increasing 
reaction time (RT). These results suggest that the decline in attention associated with aging 
comes from a decreased ability to shift attention3,23,25. In AD patients, impaired ability to 
shift attention was found in both spatial- and object-based attention26.  
Response latency is shorter when the target is surrounded by congruent flankers (arrows 
pointing in the correct direction to target location), than when the target is surrounded by 
arrows pointing in the direction opposite to target location. Target detection latency 
depends on surrounding stimuli (flankers), which could be congruent or incongruent27. 
Thus, the conflicting nature of the stimulation allows the study of voluntary components of 
endogenous attention28. Furthermore, the anterior region of the Cingulate Gyrus, part of the 
exogenous attention network, was also found to be activated during perceptual conflicting 
situations29. 
1.3 Attentional neuronal networks  
Exogenous and endogenous attention correspond to separate neuronal networks30. Two 
attentional neuronal networks have been identified: a posterior automatic network which 
includes the posterior parietal cortex, the thalamus pulvinar nuclei and the superior 
colliculus31, and an anterior executive network which consists of the dorsolateral and 
ventromedial prefrontal cortex, the anterior Cingulate Gyrus and striatum. 
The discovery of posterior and anterior attentional networks has led to a better 
understanding of normal and pathological aging of attention. If attentional networks do not 
undergo alterations other than those expected to occur during normal aging, one would 
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expect a relative preservation of both endogenous and exogenous attention. In HD with 
dementia, neurodegeneration occurs in the striatum, putamen and caudate, and is often 
associated with neuronal death in the prefrontal cortex. In contrast to normal aging, damage 
to sub-cortical frontal circuits would lead to an alteration of the endogenous attention 
anterior network, and preservation of the exogenous attention posterior network. In AD, 
progressive degeneration occurs simultaneously in multimodal association cortex (parietal 
and prefrontal regions), with impairment of posterior and anterior attentional networks, 
affecting both endogenous and exogenous attention22.  
The present study was designed to evaluate these two components of attention in normal 
aging, presymptomatic Huntington’s Disease (presymptomatic HD) and HD. 
2. Methods  
2.1 Subjects 
2.1.1 HD patients, presymptomatic HD patients and controls 
The HD group included 10 symptomatic subjects (3 women and 7 men) with hyperkinetic 
rather than hypokinetic symptoms. The age of HD patients ranged from 35 to 47 years 
(mean=42 years [SD=4.2]), and Mattis total score ranged from 110 to 125 (mean=120 
[SD=5.8]). Seven presymptomatic HD (4 women and 3 men) were included with the 
transmittable mutation of the gene, IT15, on the short arm of chromosome 432. DNA 
amplification technique33 makes it possible to detect if an allele of the Huntington encoding 
gene displays repeats of the CAG sequences exceeding the threshold of 37 repeats and thus, 
detect carriers. The age of the presymptomatic HD group ranged from 35 to 46 years 
(mean=39 years [SD=3.6]), and Mattis total score ranged from 130 to 145 (mean=137 
[SD=5.6]). The control group included 18 patients suffering from various medical conditions 
(8 women and 10 men) who were tested while awaiting clinical investigation at the Maison-
Blanche Hospital of Reims, and for whom the main inclusion criterion was the integrity of 
frontal and striatal regions. Their mean age was 38 years [SD=4.7] and the mean Mattis total 
score was 140 [SD=4.1].  
The study was funded by a Champagne-Ardenne Regional Grant and approved by the Ethic 
Committee of the Champagne-Ardenne Region. Participants were informed of the purpose 
of the research protocols and gave informed written consent. All subjects were tested during 
the same time period, 2002-2003. 
2.2 Procedures 
2.2.1 Visuospatial attention protocol 
Protocols derived from Posner’s visuospatial orientation model allow the study of the 
different components of attention34,6,19,30. In these protocols, the subject’s attention is focused 
first on the centre of the screen and then to the left or right, using a cue, which is either 
peripheral (brightness of the place where the target will appear) or central (with an arrow 
pointing to left or right). The target (a letter to be detected, a side to be localized or a target 
to be identified) is then presented either to the left or the right. If the target appears on the 
same side as the preparatory cue, the cue is considered “valid”. If it appears on the other 
side, it is misleading or “invalid”. When both sides are simultaneously signalled, the cue is 
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considered neutral since it does not permit a preparatory process. In addition to the 
peripheral or central nature of the cue, other experimental factors may be used: time interval 
between the cue and target, called cue-target Stimulus-Onset Asynchrony (SOA), which 
may range from 50 ms to several seconds, and % proportion of valid to invalid preparatory 
cue, which may range from 80%/20%, 50%/50%, to 20%/80%. 
Results obtained from visuospatial protocols show that RT is shorter for valid compared to 
neutral cues, and shorter for neutral than for invalid cues35. These measurements make it 
possible to calculate an attention “benefit” by subtracting Neutral RTs minus Valid RTs and 
an attention “cost” by subtracting Invalid RTs minus Neutral RTs. Subtracting Invalid RTs 
minus Valid RTs bypasses bias associated with neutral cues36, and allows a more global 
measurement, called the RT difference score37,38. 
The RT difference score is generally thought to be a relatively pure measure of attention. 
However, RT difference score may be influenced by eye movements, which we controlled 
by using a SOA of less than 200 ms (less than the saccadic eye movement latency). An 
auditory version of the orientation task can also be used to control this potential bias. 
Exogenous attention defined as automatic, involuntary and unaffected by memory load, 
was studied with 1) a peripheral cue, 2) a brief SOA (< 200 ms), and 3) an equal proportion 
of valid and invalid cues (50%/50%). Endogenous executive attention characterised as 
voluntary, controlled, effortful and affected by memory load was studied with 1) a central 
cue which permits the subject to decode the symbol presented in the middle of the screen, 2) 
a long SOA> 200 ms, which allows strategic display of attention, and 3) a higher 
proportional frequency of valid to invalid cues (80%/20%), which allows the subject to 
display anticipatory attention. 
2.2.2 Audiovisual congruence 
To evaluate endogenous attention, an additional procedure was used. Subjects were asked 
to watch a stimuli on a screen and heard the stimuli through earphones. Targets were 
designed to combine both auditory and visual modalities in “congruent” and “incongruent” 
situations. These compound stimuli consisted of everyday objects or actions (a dog barking, 
a drum roll, a liquid being poured into a glass, etc.). Two such compound stimuli were 
presented simultaneously. In congruent situations, corresponding auditory and visual 
stimuli were presented on the same side (e.g. an image of a dog barking to the left, and the 
sound of the barking in the left ear, together with the image of a drum to the right and the 
sound of the drum roll in the right ear). In incongruent situations, corresponding stimuli are 
dissociated (image of the dog to the left, and the sound of barking in the right ear, image of 
the drum to the right, and the sound of drum in the left ear). The preparatory cue in such 
tests, occurring 350 ms before the target, was a pointer either to right or left, or in neutral 
condition favouring neither side. These pointers could be a pair of eyes looking right, left or 
straight ahead, or a dog “pricking up its ears” to right or left, or with lowered ears. The 
subject’s task was to identify as quickly as possible the side of one of the target stimuli. 
Thus, prior to each trial, and throughout the trial, there would be a question on-screen such 
as: “On which side do you see the dog?” or “In which ear do you hear the drum roll?”. 
Given the configuration of question (cue and target), the cue could be a valid one or an 
invalid (misleading) one. When the cue is valid, the target is presented on the cued side of 
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the target presentation. When it is invalid, the target is presented on the opposite side. All 
four combinations of congruent/incongruent and valid/invalid were assessed. Congruent 
and incongruent conditions occurred randomly, each in 50% of the trials. Valid and invalid 
trials occurred randomly in 75% and 25% of the trials respectively. The procedure has been 
described in detail by Camus and Gely-Nargeot24. 
2.2.3 Statistical methods 
Dependent variables were the recorded RTs1 and RT difference scores37. To reduce the effect 
of extreme values, we used the median RT per experimental condition (usual procedure 
with this type of data). We calculated the median RT difference score, defined as the 
difference between median Invalid RT minus median Valid RT for each experimental 
condition. We also calculated an Index by dividing the RT difference score by the overall RT 
mean for matching valid and invalid trials. This adjustment, recommended by Faust and 
Balota1, consists of calculating the Proportional Cue Effect expressed as the proportion of 
Invalid RT minus Valid RT divided by the overall mean RT. 
Statistical significance was defined at an alpha level less than 0.05 and all tests were two-
tailed tests.  
Results were submitted to factorial analysis of variance (ANOVA) using age groups, cue 
validity (valid versus invalid RT), congruence (congruent versus incongruent RT) and 
modality (auditory versus visual) as factors. For each analysis of variance (ANOVA) the 
following orthogonal comparisons were made: 1) main effect of age, 2) main effect of cue 
validity, 3) main effect of congruence, 4) main effect of modality, and 5) their interactions. 
As a test of statistical significance, each comparison was compared with the error mean 
square by means of an F test. An F test was made for individual “a priori” comparisons. In 
addition, to evaluate the differences between HD, presymptomatic HD and controls, 
independent Student t-tests were performed to compare the means between groups.  
3. Results 
3.1 HD patients 
ANOVA analyses of RTs for endogenous attention revealed a statistically significant main 
effect of group (F=19.61, df=2,34, p<0.001), a significant main effect of cue validity (F=18.34, 
df=1,34, p<0.001) and a significant main congruence effect (F=11.89, df=1,34, p<0.01). The 
interaction of group and cue validity was significant (F=6.35, df=2,34, p<0.01) due to the 
greater effects of cue validity in HD and presymptomatic HD patients compared to controls. 
However, we did not observe significant interactions between group and congruence 
(F=2.27, df=2,34, p=0.49) and cue validity and congruence (F=0.73, df=1,34, p=0.39).  
Analyses of RT difference score revealed that the RT difference score of HD patients 
(mean=810 ms [SD=863]) were significantly (t=3.54, df=26, p<0.002) different from those of 
the control group (mean=93 ms [SD=92]). Presymptomatic HD RT difference score 
(mean=339 ms [SD=397]) did not differ significantly (t=-1.34, df=15, p=0.20) from HD RT 
difference score (mean=810 ms [SD=863]), but were also significantly (t=2.54, df=23, p<0.02) 
different from controls (mean=93 ms [SD=92]) (Figure 1). 
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Fig. 1. Mean RTCE (Valid minus Invalid cue RT) in Huntington’s Disease (HD), 
presymptomatic HD patients and matched healthy controls in the Audiovisual cued 
target condition. 
4. Comment  
4.1 Attention abnormalities in presymptomatic HD and HD 
We found attention deficits in the endogenous component of attention in patients with 
HD. While patients with HD did not exhibit attention deficits in exogenous attention, they 
showed a significant increase in RT difference scores (RT difference between invalid and 
valid cues) compared to controls. These results for endogenous attention are similar to 
those obtained in normal elderly subjects. However, the results adjusted by Proportional 
Cue Effect of mean RT are no longer abnormal in the normal elderly group, while they 
remain abnormal in patients with HD who have a proportional cue effect of 0.37 
compared to controls with a proportional cue effect of 0.05. This suggests that 
abnormalities observed in normal aging are limited to selective situations, whereas those 
observed in HD are the manifestations of a pathological deficit. HD patients have shown 
deficits in engaging attention22 and our findings in HD patients are in agreement with 
these results22. 
Attention impairment has been consistently reported in patients with HD39. However, it is 
unclear if HD attention deficits are independent or associated with other memory deficits 
(episodic memory), or language difficulties (verbal fluency). Our study showed deficits in 
both patients with HD and presymptomatic HD, thus their attention disorders would not 
depend on the progression of dementia. CAG trinucleotides exceeding the threshold of 37 
repeats express abnormally high number of glutamates in the huntingtin protein33 and are 
present in both HD and presymptomatic HD patients; which can explain our similar results 
obtained with both HD and presymptomatic HD patients. 
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The most common forms of HD are characterized by the appearance of involuntary choreic 
movements in sub-cortico-frontal dementia. Many of the prominent hyperkinetic symptoms 
of early HD can be understood as an inability to suppress dominant response tendencies 
such as ballism and coprolalia. Patients with HD are impaired on the antisaccade paradigm 
which tests subjects’ ability to suppress automatic saccadic eye movement. One theory to 
explain attention disorders in HD proposes that the caudate-putamen degeneration impairs 
functioning of the fronto-subcortical loops, resulting in disruption of the anterior attention 
network. Within the framework of Posner’s model, there would be a dissociation between 
preserved exogenous and impaired endogenous attention components. 
In summary, normal aging was characterized by impaired attention in situations of 
endogenous or voluntary attention, particularly in perceptual conflict situations. However, 
this impairment is no longer significant when the data are proportionally cue adjusted. In 
presymptomatic HD and HD, the endogenous component was also found to be impaired in 
situations of perceptual conflict, but remains markedly impaired after the data are 
proportionally cue adjusted. 
Theories proposing that attention deficits are the result of a slowing of cognitive processes 
or a decrease of attentional resources are not supported by our findings. In the present 
study, cue effects were estimated by calculating RT differences between invalid and valid 
cues, thus correcting for for the confounding effects of motor-sensory and other non-
attention components on RT values. During audio-visual congruent situations, endogenous 
voluntary attention was preserved in normal aging as well as in HD, and attention 
abnormalities appeared in situations of perceptual conflict, indicating that some 
endogenous components were preserved while others were impaired. The theory of 
attention deficit through depletion of attention resources does not allow for these 
distinctions to be made. 
The proposed model of attention includes components that might respond differently to the 
effects of age and to cortical/sub cortical neurodegeneration. Such a model has the 
following advantages: 1) defining cognitive attention by updating former approaches; 2) 
providing a methodology to investigate and to measure attention abnormalities; and 3) 
permitting integration of data obtained from brain neuroimaging and cognitive 
neurosciences. The model proposed allows the separation of attention pathologies and the 
distinction of pathological categories, thus improving clinical evaluations of the patients. 
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